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(54) Fixing means and fluid control apparatus incorporating same 



(57) Lower members (31 ,33) each have a bolt bore 
(107) comprising a large-diameter portion (107a) larger 
than the head (1 10a) of a bolt (110) in diameter, and a 
small diameter portion (107b) extending downward from 
the large-diameter portion (107a) with a stepped portion 
(107c) formed therebetween and having a diameter 
intermediate between the diameter of the bold head 
(1 10a) and the diameter of the shank (1 10b) of the bolt 
(110). The small-diameter portion (107b) of the bolt 
bore (107) has fitted therein a hollow cylindrical spacer 



fig 



(111) with an inside diameter larger than the diameter of 
the bolt shank (1 10b). The spacer (1 1 1) has a lower end 
supported by a support member (108) and an upper 
end positioned in the large-diameter portion (107a). A 
hollow cylindrical elastic member (112) is interposed 
between the bolt head (1 10a) and the stepped portion 
(107c) for biasing the lower member (31,33) toward the 
support member (108). 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a fixing device, 
for example, for use in fluid control apparatus which are 
assembled by fixing a plurality of couplings to a base 
plate and fixing on-off valves each to some of the cou- 
plings, the device being useful for fixing the couplings 
(lower member), to be disposed between the base plate 
(support member) and the on-off device (upper mem- 
ber), to the base plate (support plate). 
[0002] The terms "upper" and "lower" as used herein 
refer respectively to the upper and lower sides of the 
drawings. However, these terms are used for the sake of 
convenience; the fixing device and the fluid control 
apparatus will be mounted on a horizontal surface, for 
example, in the illustrated state or as turned upside 
down, or may be attached to a vertical surface. 
[0003] For example in fluid control apparatus for use 
in manufacturing semiconductors, etc., the lower mem- 
bers, i.e., coupling members having bolt bores, to be 
disposed between a support member and an upper 
member, i.e., an on-off valve, are fixed to the support 
member with bolts. To provide a fluid-tight joint between 
each lower member and the upper member in this case, 
a seal portion is formed between these members. 
[0004] The conventional fluid control apparatus has 
the problem that when the lower members are fixed to 
the support member, the upper surfaces of the lower 
members are not always flush with each other, present- 
ing difficulty in mounting the upper member on the lower 
members. If the upper member is mounted on the lower 
members with the upper surfaces of the lower members 
positioned at different levels, there arises the problem 
that different pressures acting on the seal portions pro- 
duce a faulty seal. 

SUMMARY OF THE INVENTION 

[0005] An object of the present invention is to provide 
a fixing device for lower members which renders an 
upper member mountable on the lower members easily. 
[0006] Another object of the invention is to provide a 
fluid control apparatus having incorporated therein a fix- 
ing device for lower members which renders an upper 
member mountable on the lower members easily, espe- 
cially such a fluid control apparatus wherein seal por- 
tions provided between the lower members and the 
upper member are subjected to a uniform pressure. 
[0007] The present invention provides a device for fix- 
ing lower members to a support member with bolts, the 
lower members each having a bolt bore and being dis- 
posed between the support member and an upper 
member, the fixing device being characterized in that 
the bolt bore of each of the lower members comprises a 
large-diameter portion larger than a head of the bolt in 
diameter, and a small diameter portion extending down- 



ward from the large-diameter portion with a stepped 
portion formed therebetween and having a diameter 
intermediate between the diameter of the bolt head and 
the diameter of a shank of the bolt, the small-diameter 

5 portion of the bolt bore having fitted therein a hollow 
cylindrical spacer with an inside diameter larger than 
the diameter of the bolt shank, the spacer having a 
lower end supported by the support member and an 
upper end positioned in the large-diameter portion, a 

w hollow cylindrical elastic member being interposed 
between the bolt head and the stepped portion for bias- 
ing the lower member toward the support member. 
[0008] The elastic member, which is preferably a rub- 
ber washer, may alternatively be a coiled compression 

is spring equivalent to the rubber washer in modulus of 
elasticity. 

[0009] When the bolts are tightened in fixing the lower 
member to the support member, each spacer is held 
between the bolt head and the support member, pre- 

20 venting further tightening of the bolt. At this time, the 
elastic member biases the lower member toward the 
support member, restraining the lower member from 
bacWashing. On the other hand, the compression of the 
elastic members moves one of the lower members 

25 whose upper surface is at a lower level in a direction 
away from the support member, whereby the upper sur- 
faces of the lower members are made flush with each 
other. This renders the upper member easily mountable 
on the lower members. 

30 [001 0] The fixing device is used, for example, in a fluid 
control apparatus. In this case, the lower members are 
couplings each having a fluid channel opened upward, 
and the upper member is an on-off valve formed with 
two fluid channels opened downward and communicat- 

35 ing with the respective fluid channels of the lower mem- 
bers. A flow channel is then available which extends 
from one of the couplings to the other couplings through 
the on-off valve. Such couplings, on-off valves and other 
fluid controllers are used in combination to provide a 

40 desired fluid control apparatus. 

[0011] In such a fluid control apparatus, it is desired 
that a seal portion be provided between butting faces of 
each lower member and the upper member around the 
communicating fluid channels thereof. A fluid-tight joint 

45 is then formed between the upper member and the 
lower members by virtue of the provision of the seal por- 
tions, while the lower members have their upper sur- 
faces positioned flush with each other. Consequently, 
the seal portions can be subjected to a uniform pres- 

50 sure. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

55 

FIG. 1 is a front view showing an example of fluid 
control apparatus wherein lower member fixing 
devices of the invention are used; 
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FIG. 2 is an exploded fragmentary perspective view 
partly broken away and showing the apparatus of 
FIG. 1 on an enlarged scale; 
FIG. 3 is a sectional view showing the lower mem- 
ber fixing device of the invention; and s 
FIG. 4 is a sectional view showing a device for pre- 
venting a bolt from slipping off. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

w 

[001 3] An embodiment of the present invention will be 
described below with reference to the drawings. In the 
following description, the terms "left" and "right" refer 
respectively to the left- and right-hand sides of FIG. 1. 
[0014] FIGS. 1 and 2 show an example of fluid control is 
apparatus having incorporated therein the device of the 
invention for fixing a lower member. The fluid control 
apparatus 4 is adapted for use in semiconductor manu- 
facturing equipment or the like and comprises a mass- 
flow controller 3, and shutoff-opening devices 1 , 2 at the 20 
left and right of the controller 3. 
[0015] The shutoff-opening device 1 at left comprises 
a first on-off valve 6 at left, a second on-off valve 7 at 
right and a first valve mount 28 having the two valves 6, 
7 mounted thereon. The first valve mount 28 comprises 25 
a plurality of couplings 80, 30, 31, 32, 33 as will be 
described later. Disposed at the left of the left shutoff- 
opening device 1 is a first check valve 5. 
[0016] The shutoff-opening device 2 at right com- 
prises a third on-off valve 8 disposed at left, a fourth on- 30 
off valve 9 disposed at an intermediate position, a fifth 
on-off valve 10 disposed at right and a second valve 
mount 29 having these valve 8, 9. 10 mounted thereon. 
The second valve mount 29 comprises a plurality of 
couplings 34, 35, 36, 37, 38, 39, 79 as will be described 35 
later. Disposed at the right of the right shutoff-opening 
device 2 is a second check valve 1 1 . 
[0017] The on-off valves 6, 7, 8, 9, 10 comprise 
respective main bodies 12, 14, 16, 18, 20 and respec- 
tive actuators 13, 15, 17, 19, 21 mounted thereon from 40 
above for suitably opening and closing a channel 
through each valve main body. The first and fifth on-off 
valves 6, 10 are two-port valves, while the second, third 
and fourth on-off valves 7, 8, 9 are three-port valves. 
The main bodies 12, 14, 16, 18, 20 of the on-off valves 45 
6 to 10 are provided at their lower ends with flanges 
12a, 14a, 16a, 18a, 20a, respectively, which are rectan- 
gular when seen from above. 

[001 8] Each of the check valves 5, 1 1 comprises a left 
main body 22 (25) having an inlet in its bottom face, a 50 
middle main body 23 (26) screwed to the main body 22 
(25) and a right main body 24 (27) having an outlet in its 
bottom face and fastened with screws to the middle 
main body 23 (26). 

[001 9] The massf low controller 3 is formed on the left 55 
side of its lower end with a rectangular parallelepipedal 
leftward extension 49 having an inlet in its bottom face, 
and on the right side of its lower end with a rectangular 



parallelepipedal rightward extension 50 having an outlet 
in its bottom face. 

[0020] The bottom faces of the valve main bodies 22, 
23, 24, 12, 14 at the left of the massf low controller 3 and 
the bottom face of the leftward extension 49 of the con- 
troller 3 are all flush with one another. The rightward 
extension 50 of the controller 3 and the valve main bod- 
ies 16, 18, 20, 25, 26, 27 have their bottom faces posi- 
tioned all flush with one another. 
[0021 ] The inlet of left main body 22 of the first check 
valve 5 is provided with a purge gas supply coupling 80 
connected to a purge gas supply line and comprising a 
holding member 40 and an L-shaped channel member 
41 held by the member 40. 

[0022] The outlet of right main body 24 of the first 
check valve 5 is held in communication with an inlet of 
main body 12 of the first on-off valve 6 by a first inflow 
channel coupling 30 for introducing a fluid into the left 
shutoff-opening device 1 . The coupling 30 comprises 
two holding members 42, 44 and a U-shaped communi- 
cation channel member 46 held by these members 42, 

44 and comprising two L-shaped channel members 43, 

45 which are joined to each other. 

[0023] Opposed to both the bottom face of rightward 
portion of main body 1 2 of the first on-off valve 6 and the 
bottom face of leftward portion of main body 14 of the 
second on-off valve 7 is a coupling 31 in the form of a 
rectangular parallelepipedal block for forming a first 
communication channel and having a V-shaped channel 
31a for causing an outlet of the valve 6 to communicate 
with an inlet of the valve 7. 

[0024] The main body 1 4 of the second on-off valve 7 
has an inlet-outlet subopening, which is provided with a 
first subchannel coupling 32 comprising a holding mem- 
ber 47 and an l-shaped channel member 48 and held by 
the member 47. Attached to the lower end of the cou- 
pling 32 is a known L-shaped coupling 78 connected to 
a process gas supply line. 

[0025] Disposed beneath both the rightward portion of 
main body 14 of the valve 7 and the leftward extension 
49 of the massflow controller 3 is a coupling 33 in the 
form of a rectangular parallelepipedal block for forming 
a first outflow channel and having a V-shaped channel 
33a for sending a fluid from the outlet of the valve 7 to 
the controller 3. 

[0026] Disposed beneath both the bottom face of 
rightward extension 50 of the massflow controller 3 and 
the bottom face of leftward portion of main body 16 of 
the third on-off valve 8 is a coupling 34 in the form of a 
rectangular parallelepipedal block for forming a second 
inflow channel and having a V-shaped channel 34a for 
introducing a fluid from the controller 3 into the right 
shutoff-opening device 2. 

[0027] The main body 1 6 of the third on-off valve 8 has 
an inlet-outlet subopening, which is provided with a sec- 
ond subchannel coupling 35 connected to an evacuat- 
ing line and comprising a holding member 51 and an L- 
shaped channel member 52 and held by the member 
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51. 

[0028] Disposed beneath both the bottom face of 
rightward portion of main body 16 of the third on-off 
valve 8 and the bottom face of leftward portion of main 
body 18 of the fourth on-off valve 9 is a coupling 36 in 
the form of a rectangular parallelepipedal block for form- 
ing a second communication channel and having a V- 
shaped channel 36a for causing an outlet of the valve 8 
to communicate with an inlet of the valve 9, 
[0029] The main body 18 of the fourth on-off valve 9 
has an inlet-outlet subopening, which is provided with a 
third subchannel coupling 37 connected to a process 
gas supply line and comprising a holding member 53 
and an L-shaped channel member 54 and held by the 
member 53. 

[0030] An outlet of main body 18 of the fourth on-off 
valve 9 is held in communication with an inlet of main 
body 20 of the fifth on-off valve 10 by a third communi- 
cation channel coupling 38, which comprises two hold- 
ing members 55, 57 and a communication channel 
member 59 held by these members. The member 59 
comprises two L-shaped channel members 56, 58 
joined to each other. 

[0031] Disposed beneath both the bottom face of 
rightward portion of main body 20 of the fifth on-off valve 
10 and the bottom face of left main body 25 of the sec- 
ond check valve 1 1 is a coupling 39 in the form of a rec- 
tangular parallelepipedal block for forming a second 
outflow channel and having a V-shaped channel 39a for 
causing an outlet of the valve 10 to communicate with 
the inlet of the valve 1 1 . 

[0032] The outlet of right main body 27 of the second 
check valve 1 1 is provided with a purge gas discharge 
coupling 79 connected to a purge gas discharge line 
and comprising a holding member 60 and an L-shaped 
channel member 61 held by the member 60. 
[0033] The first inflow channel coupling 30, first com- 
munication channel coupling 31, first subchannel cou- 
pling 32 and first outflow channel coupling 33 which are 
positioned at the left side of the controller 3 form the 
valve mount 28 of the left shutoff-opening device 1 . The 
second inflow channel coupling 34, second subchannel 
coupling 35, second communication channel coupling 
36, third subchannel coupling 37, third communication 
channel coupling 38 and second outflow channel cou- 
pling 39 which are positioned at the right side of the 
controller 3 provide the valve mount 29 of the right shut- 
off-opening device 2. 

[0034] Thus, the left shutoff-opening device 1 has a 
purge gas channel through which a purge gas admitted 
through the check valve 5 is discharged via the first 
inflow channel coupling 30, the main body 12 of the first 
on-off valve 6, the first communication channel coupling 
31, the main body 14 of the second on-off valve 7 and 
the first outflow channel coupling 33, and a process gas 
channel through which a process gas admitted from the 
bottom face of the first subchannel coupling 32 is dis- 
charged via the coupling 32, the main body 14 of the 



second on-off valve 7 and the first outflow channel cou- 
pling 33. The right shutoff-opening device 2 has a purge 
gas channel through which the purge gas introduced via 
the controller 3 is discharged by way of the second 

5 inflow channel coupling 34, second communication 
channel coupling 36, third communication channel cou- 
pling 38 and second outflow channel coupling 39; a 
process gas channel through which the process gas 
admitted through the controller 3 is fed to a process 

w chamber via the second inflow channel coupling 34, 
second communication channel coupling 36 and third 
subchannel coupling 37; and an evacuating channel for 
drawing off the gas from these channels via the second 
subchannel coupling 35, 

is [0035] As shown on an enlarged scale in FIG. 2, the 
first check valve 5 has an inflow channel 77a and an 
outflow channel 77b which are opened downward. The 
main body 12 of the first on-off valve 6 is formed in its 
bottom face with an inlet 62 positioned approximately 

20 centrally thereof, and an outlet 63 positioned at right. 
The valve main body 12 is internally formed with an 
inflow channel 64 extending from the inlet 62 to a valve 
chamber 66, and an outflow channel 65 extending from 
the outlet 63 to the chamber 66. The actuator 13 of the 

25 first on-off valve 6 serves to operate a valve element 67 
in the form of a diaphragm. When operated, the actuator 
13 opens or closes the inflow channel 64 with the valve 
element 67. The main body 14 of the second on-off 
valve 7 is formed in its bottom face with an inlet 68 at 

30 left, an outlet 69 at right and an inlet-outlet subopening 
70 positioned approximately in the center to serve as an 
inlet or outlet for other fluid. The valve main body 14 is 
internally formed with an inflow channel 71 extending 
from the inlet 68 to a valve chamber 74, a subchannel 

35 73 extending from the subopening 70 to the chamber 74 
and an outflow channel 72 extending from the outlet 69 
to the chamber 74. The actuator 15 of the second on-off 
valve 7 serves to operate a valve element 75 in the form 
of a diaphragm. When operated, the actuator 15 opens 

40 or closes the subchannel 73 with the valve element 75. 
On the other hand, the inflow channel 71 extending to 
the inlet 68 of the second on-off valve 7 is always in 
communication with the outflow channel 72 extending to 
the outlet 69 through the valve chamber 74. 

45 [0036] A seal 76 as shown in FIG. 2 is provided 
between each of the valve main bodies 22, 23, 24, 12, 
14, 16, 18, 20, 25, 26, 27 and at least one of the mem- 
bers 41 , 30, 31 , 32, 33, 34, 35, 36, 37, 38, 39, 61 joined 
to the valve main body in butting contact. The check 

so valves 5, 1 1 and the on-off valves 6, 7, 8, 9, 10 are each 
fastened to at least one of the couplings 80, 30, 31 , 32, 
33, 34, 35, 36, 37, 38, 39, 79 opposed thereto with bolts 
113 screwed into the main body 22, 23, 24, 12, 14, 16, 
18, 20, 25, 26 or 27 from above (see FIG. 2). The check 

55 valves 5, 11 and the on-off valves 6 to 10 can be 
removed upward by removing these bolts 113. In con- 
struction, the second check valve 1 1 is identical with the 
first check valve 5, the fifth on-off valve 10 with the first 
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on-off valve 6, and the third and fourth on-off valves 8, 9 
with the second on-off valve 7. 
[0037] With the fluid control apparatus 4 having the 
foregoing construction, the process gas is admitted into 
the first subchannel coupling 32 of the left shutoff-open- 
ing device 1 , with the first on-off valve 6 closed, the sec- 
ond on-off valve 7 held open, the third on-off valve 8 
closed, the fourth on-off valve 9 held open and the fifth 
on-off valve 10 closed, whereupon the process gas 
flows through the main body 14 of the second on-off 
valve 7 and the first outflow channel coupling 33 into the 
massflow controller 3, wherein the gas has its flow rate 
regulated. The gas is then admitted into the right shut- 
off-opening device 2, thereafter flows through the sec- 
ond inflow channel coupling 34, the main body 16 of the 
third on-off valve 8, the second communication channel 
coupling 36, the main body 18 of the fourth on-off valve 
9 and the third subchannel coupling 37 and is sent into 
the process chamber. When the purge gas is thereafter 
admitted into the first check valve 5, with the first on-off 
valve 6 held open, the second on-off valve 7 closed, the 
third on-off valve 8 closed, the fourth on-off valve 9 
closed and the fifth on-off valve 1 0 held open, the purge 
gas flows through the first inflow channel coupling 30, 
the main body 1 2 of the first on-off valve 6, the first com- 
munication channel coupling 31, the main body 14 of 
the second on-off valve 7 and the first outflow channel 
coupling 33, reaches the massflow controller 3, further 
flows through the second inflow channel coupling 34, 
the main body 1 6 of the third on-off valve 8, the second 
communication channel coupling 36, the main body 18 
of the fourth on-off valve 9, the third communication 
channel coupling 38, the main body 20 of the fifth on-off 
valve 10, second outflow channel coupling 39 and the 
second check valve 1 1, and is discharged. At this time, 
the purge gas drives out with its own pressure the proc- 
ess gas remaining in the main body 14 of the second 
on-off valve 7, first outflow channel coupling 33, second 
inflow channel coupling 34 and second communication 
channel coupling 36, with the result that purge gas only 
flows through the apparatus in a short period of time. 
[0038] With the shutoff-opening devices 1 , 2, the first 
inflow channel coupling 30 and the third communication 
channel coupling 38 are common members, the first 
communication channel coupling 31, first outflow chan- 
nel coupling 33, second inflow channel coupling 34, 
second communication channel coupling 36 and sec- 
ond outflow channel coupling 39 are common mem- 
bers, and subchannel couplings 32, 35, 37 are also 
common members. In other words, the right shutoff- 
opening device 2 is available only by adding one three- 
port on-off valve to the left shutoff-opening device 1 and 
adding to the valve mount 28 thereof the same mem- 
bers as the first communication channel coupling 31 
and the first subchannel coupling 32. When the on-off 
valve to be added is a two-port valve, the fourth on-off 
valve 9 of the right shutoff-opening device 2 is replaced 
by a two-port valve, with the third subchannel coupling 



37 removed from the mount 29. Thus, the left and right 
shutoff-opening devices 1 and 2 are amenable to vari- 
ous modifications. 

[0039] With the embodiment shown in FIG. 1 , the left 

5 shutoff-opening device 1 has two on-off valves 6, 7, 
while the right shutoff-opening device 2 has three on-off 
valves 8, 9, 10, whereas the number of on-off valves is 
variable suitably. Two shutoff-opening devices each 
having a suitable number of on-off valves are arranged 

10 respectively at the left and right sides of a massflow 
controller, and such arrangements are further arranged 
in parallel to provide a fluid control apparatus for use in 
semiconductor manufacturing equipment The fluid con- 
trol apparatus is installed by mounting the couplings 80, 

is 30, 3 1 , 32, 33, 34, 35, 36, 37, 38, 39 on a base plate 1 08 
with bolts, attaching the fluid controllers, such as check 
valves 5, 11, on-off valves 6, 7, 8, 9, 10 and massflow 
controller 3, to the couplings 80, 30 to 39 as specified 
and fixing the base plate 108 in position, 

20 [0040] Next with reference to FIG. 3, a description will 
be given of a fixing device of the invention for lower 
members, i.e., a device for fixing coupling members 
(lower members) to a base plate with bolts, the coupling 
members being disposed between the base plate (sup- 

25 port member) and fluid controllers (upper members). 
[0041] Referring to FIG. 3, two block couplings 31 for 
attaching the on-off valves 6, 7 thereto are mounted on 
the base plate 108. A screw bore 106 for use in attach- 
ing the block coupling 31 to the on-off valve main body 

30 is formed in the upper side of the coupling 31 at each of 
four corners thereof. A bolt bore 107 for inserting a cou- 
pling fixing bolt 110 therethrough for mounting the block 
coupling 31 on the base plate 108 is formed at each of 
two portions of the coupling 31 close to its central por- 

35 tion. The base plate 1 08 is formed with screw bores 1 09 
for use in mounting the block coupling 31 on the base 
plate 108. 

[0042] The bolt bore 107 of the block coupling 31 is 
formed by a large-diameter portion 107a having a diam- 

40 eter larger than the diameter of the head 110a of the 
coupling fixing bolt 110, and a small-diameter portion 
107b continuous with the portion 107a, with a stepped 
portion 107c provided therebetween, and having a 
diameter intermediate between the diameter of the bolt 

45 head 110a and the diameter of the shank 110b of the 
bolt. 

[0043] A sleevelike spacer 1 1 1 having a lower end 
bearing on the base plate 108 and an upper end posi- 
tioned in the large-diameter portion 107a is fitted in the 

so small diameter portion 107a of the bolt bore 107. The 
spacer 1 1 1 has an inside diameter larger than the diam- 
eter of the bolt shank 110b and an outside diameter 
smaller than the diameter of the bolt head 110a. The 
shank 1 1 0b of the coupling fixing bolt 1 1 0 is fitted in the 

55 spacer 111, with the bolt head 110a bearing on the 
upper end face of the spacer 1 1 1 . The spacer 1 1 serves 
to determine the amount of tightening of the coupling 
fixing bolt 110, such that as the bolt 110 inserted 
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through the bore 1 07 is screwed into the screw bore 1 09 
of the base plate 108, the head 1 10a of the bolt 1 10 is 
supported by the spacer 1 1 1 bearing on the base plate 
108, preventing further tightening of the bolt. 
[0044] An annular rubber washer 112 having an out- s 
side diameter approximately equal to the diameter of 
the head 110a of the coupling fixing bolt 110 is fitted 
around the upper end of the spacer 111. The rubber 
washer 112 is held between the head 1 10a of the bolt 
1 10 and the stepped portion 107c of the bolt bore 107. w 
The vertical length of the rubber washer 1 1 2 is so deter- 
mined that a compressive force will act on the washer 
when the bolt 1 1 0 is completely tightened up in the state 
shown in FIG. 3. Thus, the couplings 31 are biased 
toward the base plate 108 by the rubber washers 112. is 
The rubber washers 112, which are elastic, can be fur- 
ther deformed by compression, so that the couplings 31 
are movable away from the base plate 1 08. Accordingly, 
even if the upper surfaces of the couplings 31 are not 
flush with each other, the couplings 31 are brought 20 
closer to the on-off valve 7 as the on-off valve 7 is fas- 
tened to the couplings 31 with the body fixing bolts 1 13, 
which can therefore be tightened easily. Consequently, 
all the seals 76 can be subjected to a proper pressure to 
ensure fluid tightness. 25 
[0045] FIG. 4 shows a device for preventing the body 
fixing bolt 113 from slipping off for use in attaching the 
on-off valve 7 to two block couplings 31, 33. 
[0046] With reference to the drawing, bolt shank bores 
1 14 are formed in the flange 1 4a of the main body 1 4 of 30 
the on-off valve 7. Each of the shank bores 1 1 4 has 
stepped portions 114a and 114b respectively at an 
intermediate part of the bore and a part thereof close to 
the bore lower end to give the largest diameter to the 
lower end of the bore 1 1 4. An O-ring 1 1 5 is fitted in the 35 
shank bore 114 from its lower end in bearing contact 
with the intermediate stepped portion 1 1 4a. A bush 1 1 6 
is further fitted in the bore 1 1 4 from the larger diameter 
side for preventing the O-ring 115 from slipping out. 
Thus, an annular recess 1 18 for accommodating the O- 40 
ring is defined by the intermediate stepped portion 
114a, the upper end face of the bush 116 and the 
periphery of the bored portion 1 14 for the bolt shank. 
The bush 116 is formed at its lower end with a flange 
1 16a in bearing contact with the stepped portion 1 14b 45 
close to the bore lower end. The bush 1 1 6 further has at 
an intermediate portion thereof an annular ridge 1 1 7 
with an outside diameter slightly larger than the diame- 
ter of the shank bore portion having this intermediate 
portion fitted in. When the bush 1 16 is forced into the so 
shank bore 1 14 from its larger diameter side, the flange 
116a bears against the stepped portion 114b close to 
the bore lower end, and the annular ridge 1 1 7 is col- 
lapsed, whereby the bush 116 is prevented from slip- 
ping out, consequently preventing the O-ring 115 from 55 
slipping off. The O-ring 115 has an inside diameter 
slightly smaller than the outside diameter of the shank 
of the body fixing bolt 113. Since the O-ring is elastic, 



the shank of the bolt 113 can be forcibly inserted 
through the O-ring 1 1 5 with extreme ease. When the fix- 
ing bolt 113 is unfastened and becomes disengaged 
from the screw bore 106, the elastic force of the O-ring 
115 retains the bolt 113 on the ring 115. Accordingly, 
even in the case where the base plate 108 is installed in 
a vertical position (as turned from the illustrated hori- 
zontal position thereof), this feature obviates the likeli- 
hood that the body fixing bolt 113 to be screwed in or 
removed will fall off to become lost. 

Claims 

1. A device for fixing lower members to a support 
member with bolts, the lower members each having 
a bolt bore and being disposed between the sup- 
port member and an upper member, the fixing 
device being characterized in that the bolt bore of 
each of the lower members comprises a large- 
diameter portion larger than a head of the bolt in 
diameter, and a small diameter portion extending 
downward from the large-diameter portion with a 
stepped portion formed therebetween and having a 
diameter intermediate between the diameter of the 
bolt head and the diameter of a shank of the bolt, 
the small-diameter portion of the bolt bore having 
fitted therein a hollow cylindrical spacer with an 
inside diameter larger than the diameter of the bolt 
shank, the spacer having a lower end supported by 
the support member and an upper end positioned 
in the large-diameter portion, a hollow cylindrical 
elastic member being interposed between the bolt 
head and the stepped portion for biasing the lower 
member toward the support member. 

2. A fluid control apparatus comprising a device for fix- 
ing lower members according to claim 1 and an 
upper member, each of the lower members having 
a fluid channel opened upward, the upper member 
being formed with two fluid channels opened down- 
ward and communicating with the respective fluid 
channels of the lower members. 

3. A fluid control apparatus according to claim 2 
wherein a seal portion is provided between butting 
faces of each lower member and the upper member 
around the communicating fluid channels thereof. 



EP 0 905 383 A1 




7 



EP 0 905 383 A1 



FIG. 2 

6 



EP 0 905 383 A1 



FIG.3 





9 



EP 0 905 383 A1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 10 8112 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate. 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.Cl.6) 



US 5 255 647 A (KICZEK) 26 October 1993 

* column 3, line 25 - line 42; figures 1,3 
* 

DE 295 11 400 U (ITW BEFESTIGUNGSSYSTEME) 
21 September 1995 

* page 10, paragraph 2; figure 1 * 

EP 0 845 623 A (FUJIKIN) 3 June 1998 

* column 9, line 48 - column 10, line 18; 
figure 5 * 

6B 2 162 921 A (ALBRECHT) 12 February 1986 

* page 10, line 24 - line 31; figure 23 * 

DE 94 10 561 U (FESTO) 1 September 1994 

* page 17, paragraph 2; figures 4,5 * 



1-3 



1-3 



2,3 



The present search report has been drawn up for all claims 



F15B13/00 

F1685/02 

F16K27/00 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



F15B 

F16B 
F16K 





Place ot search 




Date ol completion ot the search 


Examtner 




THE HAGUE 




15 July 1998 


SLEIGHTHOLME, G 




CATEGORY OF CITED DOCUMENTS 


T : theory or principle underlying the invention 








E : earlier patent document, but published on, or 


X 


particularly relevant rt taken alone 




after the filing date 




Y 


particularly relevant if combined with another 


O : document cited in the application 




document of the same category 




L : document cited for other reasons 


A 


technological background 








O 


: non-written disclosure 




& : member of the same patent family, corresponding 


P 


intermediate document 




document 





m 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
ETfaded TEXT OR DRAWING 



Id BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



LI REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 





